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This report, like its predecessors,*has been compiled in response
to the widespread interest expressed in ASTIA's automsation program,
and particularly in its machine search and retrieval system. It
differs from the earlier reports, however, in that it concentrates
to a great degree upon the machine coneiderations, as such, encoun-
tered in planning, developing, and operating an automated retrieval
system.,

Tt 1s expected that this rather specialized approach will be of

greatest value to those concerned: with the actual devising and

programning of similar or relat&d efforts. But, insofar as the

report sheds further light on the intricate relationships between

document services and machine system, it is hoped that the presenta-

tion will be of substantial interest to all concerned with thosge
~yelatiionships.

;zg;LLIAM HAMMOND
Lt. Colonel, USAF

% AD-227 000 - "Automstion of ASTIA...A Preliminary Report,"
dated 1 December 1959, and AD-247 000 - "Automation of ASTIA -
1960, " dated December 1960. .
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ABSTRACT

This report covers the evolution of the ASTTA
automated search and retrieval system. Early
consideration and punch card approaches are
treated briefly. The current system and programs
are described in detail with the exception of
the creation of the Thesaurus which is covered
in two other ASTIA publications -~ AD=227 000
and AD-247 000. The programs discussed are for
the UNIVAC Solid State 90 magnetic tape system.
Flow charts are included of the program now in
use which executes ten simultaneous searches to

. four levels o* coordination. Modification of

this program to provide for either ten six-level
cocrdinations or any combination of a 60-descriptqr
coordination are also discussed.
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EARLY CONSEERATIOHS’,T/-

Interest in machine compilation of bibliographies from the

; vast colliection of military research and development documentation
bega;j ;{Qhortly after world wWar II. Prior to 1949, the custodian of

the collection, the Alr Documente DiLvisionf and its successor organi-
zation, the Central Air Documents Office (CADO)*hAd experimented with
mechanization. They triéd McBee notched cards, punch cards, addresso-
graph plate regts;ters,, and photographic reductions on microfilm. From
this experimentation, it was concluded thgt the employment of any of

" these media would provide little if sny ;Apromnt over the manual
operation. Howéver, the collectign, of documents was growing at a

rapid rate, and the investigation of necha.nization techniques continued.

In January of 1949, consultants of IBM assisted the CADO staff
1n"fur/,'ther expéfimentai:ion with punch cards to mechanize bibliography
service. The major shortcomings of a punch card information search
and retrieval system soon became gpparent. The manipulation of a
great volume of punch cards would be cumbersome, time consuming and
more costly than the manual operation it replaced. Further investi-

gation into a punch card retrievsl system was abandoned by CADO.

When ASTIA was established in May of 1951, it inherited from

CADO the responsibility for providing timely bibliography service

* Former USAF orgsnizations.



from a callection of military research and development documentation

that was still growing at the rate of 30,000 Lew titles a year. The
director of the new organization recognized this responsibility in
his initial plan of operations as follows:

"Mechanical and electronic storage and retrieval of biblio-
graphical :Lntormation appears to be a requirement for the vast
volume of technical information being genera.ted. currently. In
addition, new concepts of indexing counpatible with both mchine
and manual operations must be perfected.

"Unless new meéchanized techniques of storaae, indexing a.nd
transmission of technic&l reports are developed, the cost of providing

sdequate services may soon bécame prouibitive. "

Shortly after its establishment, ASTIA sponsored & contract
with Dr. Mortimer Taube of Documentation Incorporated to make a
atudy of existing subject ca.taiéging systems, and evaluate their
adequacy for use by ASTIA. This study led to the conclusion that
no existing system was really suitable. Further work undertaken
as part of the same contract effort resulted in the Uniterm Systenm

of Coordinate Indexing.

The uniterm ;etrieval system was language oriented. It consisted
of a coliection of words used to characterize the actual coantent of
a document. At the option of the cataloger, new uniterms were added
&8 they appeared in documents being added to the collection. The
meanings of the terms conformed to normal usage as defined by>

dictionaries.



Due to the rapid growth of the AD collection, the free use of

uniterms soon became unmanageable from & retrieval standpoint. The
need for some degree of control and for a standard term dictionary -~

or thessurus -- was soon recognized.

At first, it was believed that the uniterm system could be
operated without the application of machines. The nynt;- vas alsc
considered to offer great promise in terms of its susceptibility to
automation. However, it was soon realized that_retrieval of informa-
~ tion fram a large and diversified collection would require some form
of mecha.nizﬁion, if not cqnplete automation. In spite of these 7 =
shortcomings, the potential of the uniterm system was recognized. -]
In anticipation of a machine system ultimately becoming available, ‘ o
ux;item‘ assignment to all new documents being processed into thé
“ASTIA system became a standard procedure in early 1953. This proved
to be a rarsighted decision, since it provided a great smount of the.
raw data for creating the machine retrievel files for the current

system.

In the fall of 1954, & contract vas let with Airborne Instruments
Laboratory to study ASTIA operstions and existing data procéuing
equipment to determine whether any equirment was aveilable that could ¢

be profitably employed to automate ASTIA's entire operation. The

S,

conclusion of this study was that the commercial data processing
equipment then available could not be profitably employed in ASTIA

operations. The atudy also found that too little was known at that



point in time about the information retrieval functions to warrant

any action to apply data processing equipment to that area, Based
on the findings and the conclusions, the contractor recommended
that a full scale study be undertaken vhich would formulate speci-
fications for a np}ciﬂ purpose data processing system sultable to
ASTIA's needs. This recommendation was not acted on since there
a.pp;a.red to be little likelihood of obtaining the resources to
develop a special-~purpose data processing system unique to AS‘rIA;s

needs.

ASTIA staff personnel contihued to keep informed on developments
in the data procesaing field, including the development of chm'-a.cfer-
reading devices, random &ccess memories, and related equipnent The
advice and assistance of professional personnel and consultants were ’

solicited on a continuing basis. -



PLARNING FOR THE EMPLOYMENT OF ‘I'EE SPECIAL INIEX ANALYZER

"PUNCH_CARD SYSTEM

Sﬁortly after ASTIA had been relocated at Arlington Hall Station
in February 1958, a fresh look into automation was undertaken.
Systems personnel of the IMM Corporation conducted a survey of ASTIA
with the ob:jéctive of determining whether the state. of the art bad
progressed to the peint where any commercially available data proc -

essing systems could be pljofitably utilized.

The IBM survey concluded that the majority of the functions
susceptible to automat;'ic)n, revolved around request process-ing‘a.nd
inventory control. These were considered businegs-type applications
that. could be handled by commercially available general -purpose data

processing systems.

For compiling report bibliographies, the IBM survey recommsended
the Special Index Analyzer (IBM 9900), an outgrowth of the "COMAC"
information retrieval concept generated by Documentation Incorporated
and under contract to the Office of Scientific Research, Headquarters

USAF.

The concept developed Jjointly by the IBM data processing

consultants and the ASTIA staff would have provided the Washington

Regional Office and the four decentralized Regional Offices of ASTTA

v

with a punch card machine search and retrieval capability.

.



An adaptation of the Uniterm System of Coordinate Indexing

was contemplated at each Regional Office, with reserve capability
at the central facility to assist in peak periods. One Special

Index Analyzer was recommended for use at each Regional Office.

It was planned to mechanically edit the uniterms assigred to
the 175,000 documents then in the AD collection. From this edited
1ist of uniterms, a thesaurus-type dictionary would be developed.
The acceptable terms in the controlled vocabulary would be mechanically.
reassigned to iea';c}i' document. The master file of search-term cards

would then be automatically generated in the correct uniterm sequence.

New documents would be assigned free uniterms, and thesé would T
be edited against the uniterm dictiomary. On a biweekly basis, the
descriptor (edited uniterms) cards eccumulated as a result of new
cataloging would be consolidated, and correctly sequenced for
introduction into the master search term file. These consolidated
additions and changes to the search file would be reproduced and ’
sent to each Regional Office for incorporation into their master

search files.

The punch card file would be arranged in "Search Term Decks."
It is estimated that there would have been 10,000 search term decks
(one for each unique uniterm) in the complete file when the system
was fully implemented. A very slow growth rate in new terms was

predicted.



Each punch card of a search term deck would contain the search

term (uniterm - probably in numeric code) followed by & maximm of
eleven ASTIA document numbers to which the search terms had been
assigned. Where more than eleven AD numbers were included in a
single search term record, additional cards would be utilized to
make up the "search deck." On the basis of this card capecity,
approximately 160,000 individual punch cards would have been
Fequired for the 175,000 reports then in the AD collection. The
card file would expand at & rate of approximately 1,200 a day.
Periodically, the entire file would have to have been consolidated
on magnetic tape and repunched from tape-to-cards to integrate new

‘and revised data and to delete obsolete data.

The system would have fimctioned as follows: The customer
would make his needs known, and ASTIA reference personnel would
select appropriate search terms. An index search would be initiﬁt,ed
to determine those document numbers which satisfied the selected
descriptive terms. The search would be accomplished by manually
pulling the three or four search term decks and inserting these
into the Specisl Index Analyzer where the desirzd association of
document numbers would be accomplished in a matter of a few minutes.
The output would be a list of pertinent document numbers. #n
on-the-spot validation of the customer's need-to-know would be
accomplished, and the customer would be given the abstracts to



review. The customer might also review microcards or microfilms

of the documents selected. Full-size coples of the documents

would be requested from the central facility.

bhder this concept of operation, reserve capability for both
descriptor search and validation would have been maintained at the
central facility to assist the Reglonal Offices during peak loads
by preparing a list of pertinent validated document numbers in
advance of the arrival of a customer when the pertinent data were
furnished prior to the customer's visit. (See Figure 1, General

Process Flow Chart)

At first the punch card Special Index Analyzer operation
appeared to be feasible. However, a more detailed examination of
the system cast considerable doubt. The eguipment would have to
be purchdsed before any experimentation or operating experience
could be gained. The resources required to maintain, update,
and manipulate a punch card file of this size and complexity
would in the long run be greater than the manual operation it
replaced. The iptegrity of the file would be a major concern in
the operation of the system. Thousands of punch cards would be
pulled from the files to support the daily operations, and then 7
refiled. These cards, plus éards for new reporté being added to o

the collection, would have to be filed manually on a daily basis.

A continuing program for replacing worn out or mutilated cards
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would be required. A requirement for periodic reproduction of the

entire file in quadruplicate w&b recognized in the origzinal planning.

By the time ASTIA's automation prOpos#i ves formalized in
November of 1958, the proposal to employ the punch card Sp;éial
Index Analyzer retrieval system at the Regional Offices had been
rejected for the same reason the punch card information retrieval
proposals had been rejected in the past. The ASTYA collection of
documents was Just too large and too diversified for a punch card

operation.

<o

3

The proposal submitted to higher headquitera on 20 November
1958, was to sutomate request processing, cumulative indexing of

ASTIA's Technical Abstract Bulletin (TAB) and document inventory

management. The Commander of ASTIA also proposed that one Special
Index Analyzer be purchased for the central facility to be operated
on an extended experimental basis. A limited number of machine

compiled bibliugraphies would be produced and evaluated during the '

experimental phagse. (See Figure 2, General Prccess Chart)
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INITIAL PLANS FOR EMPLOYMENT OF A GENERAL PURPOSE
ELECTRONIC COMPUTER FOR INFORMATION RETRIEVAL

In addition tc IBM, other manufecturers of data processing
equipment made proposals for automation of ASTIA. Remington Rand
submitted a proposal for the UNIVAC I which vas immediately avail-
able and for the new UNIVAC Solid State 90 (USS 90) which could be
made available in the card configuration in sufficient time to become
operational by 15 February 1960. The magnetic tape configuration
would become available in July 1960 and a random access capability

vas planned for late 1960.

Further study of the Remington Rand UNIVAC proposal for automation
of the ASTIA operation led to the conclusion that it would be feasible
to employ a geﬁeral-purpoue magnetic tape data processing system for
information search and retrieval. By assigning numeric codes to %he.
retrieval terms to be employed in the system, ihe ﬁanipulation of the
terms would be grestly simplified. The general systems design and
operational concepts for the present ASTIA system 6f:automated informa-

tion search and retrieval vere developed along these lines.

The proposal for automation was modified to reflect the newly
formulated concepts and detailed planning began. The USS 90 data
processing system vas selected and implementation followed closely
on the heels of planning. ObJjectives were defined, tasks were assigned

and target dates were established. At that time, the over-all objective

12




for information retrieval was to establish and operste & system
specifically designed for automatic identification of reports in
the ASTIA collection by ASTIA document (AD) number ca any opeciﬁ.ed

subject or combination of subjects.

With the document numbers identified, catalog cards would be
pulled from the files menually and furnished to the customer. There
vwere by this time 200,000 reports in the AD collection representing
the documentation of the previous seven years' military research and

development accomplishments.

In the initial planning, it was intended to contract with a
commercial organization to develop a theuu;ua of authoritative
descriptors utilizing the assigned uniterm and then reassign the
standard terms to the documents in thé AD collection. Those retrieval
terms not included in the thessurus as authoritative deccriptor: vere
to be retained and employed as "open-ended" or non-controlled retrieval
terms. Such terms include project names, geographic locations, etc.

Two companies showed interest in the project, but never submitted

proposals or indicated a desire to bid.

Consultants in the field of information retrieval advised that
the professional personnel best qualified to compile the thesaurus
were the same ASTIA personnel who had processed the collection of
documents into the system. It soon became apparent that the assign-
ment of retrieval terms to the documents also had to be accomplished

in-house.

13




By 1 September 1959, the compilation of the thesaurus had
reached the stage where the assignment of retrieval terms could
begin for documents in the existing AD collection and for new
material being processed into the system. These two tasks are

described in AD-227 000, Automation of ASTIA - A Preliminary Report,

1 December 1959, and AD-247 000, Automation of ASTIA - 1960.

One large conversion task still remained -- the creation of
the machine retrieval files. This was to be accomplished by a
contractor. On 1 October 1959, the work statement for the kéy
punching of the retrieval terms was passed to the c¢ontracting

officer, with a 1 December deadline for the work to begin.

In the original approach, it was intended to key punch a card
for each term assigned to a document and then sort into alphabetic
sequence for data clean-up and subsequent coding in numeric sequence

by the computer.

It soon became apparent that if the 1 July 1960 date for imple-
mentation of the system was to be met, a new approach was needed.
After further study, a decision was reached to prepare the master
coding for the authoritative list of descriptors before they had
been ¢ompiled into the thesaurus. A seven-digit numeric code was
assigned to each descriptor so that numeric¢ sequence and alphabetic
sequence fere coincident. This code was adopted to simplify the

m&chine‘manipulation of the file. To allow for elasticity, a gap

14




of 1,000 numbers was left between consecutive descriptors to
provide for anticipated expansion and still retain the alpha-

numeric relationship.

A closer look at the implementation schedule indicated an
increase in temporm still a necessity. The document proceaﬁing
personnel of ASTIA assumed the added task of assigning the numeric
codes to the retrieva.l terms concurrent with the assignment of the

terms to documents. In addition to the numeric descriptor code, a
rkey was added to 'ind.icate the terms to be used for subject accumu-
lation to create a machine capability to compile a subject index of

the total AD qgllection.

The work statement was recalled from the contracting officer
and modified to reflect the requirement for key punching the numeric -
codes rather than the actual descriptors. Although this delayed the
awvarding of the contract _15 days =« from 1 December to 15 December
1959 ~- it actually placed ASTIA further ahead in inplemntation
and also resulted in a considerable reduction in costAby greatly
reducing the alpha key punching required ‘to convert the file. On a
competitive bidding basis, the contract wes awarded to the Service

Bureau Corporation, & subsidiary of IBM.

The in-house assignment of retrieval terms began slowly because
of the additional requirement to sssign the numeric codes concurrently.

In spite of the slow start, it was soon recognized that the decision

15




had been a wise one. The magnetic tape system did not become
available in early March as anticipated. Without the added
capacity of the tape system, three months of punch card processing
would have been required to arrange the data for operational runs.
This punch card processing could ot have begun until the conversion
contract was completed on 2k June'l960. Thus, several months' head
start was gained by punching tho numeric codes for the retrieval
terms into the original machine records. It also made possible
extensive experimentation gnd actual production of bibliographies
on the card computer several months in advance of the magnetic tape

operation.

The assignment of retrieval terms and the key punching of the
file increased in tempo. Both operations were soon back on the
original schedule. The last of theidatg to be key punched was
completed by the contractor on 24 June 1960, and thereafter ASTIA
assumed full responsibility for maintaining and updating the file.
By this time, more than & million and a quarter punch card records
had been prepared. A sample of each of the three types of punch

card formats 18 shown in Figure 3.

*# The installation of the USS 90 tape system was to be on an
operational test basis until the scheduled delivery date nf
1 July 1960.

" 16
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EXPERIMENTATION IN AUTOMATED INFORMATION RETRIEVAL

Experimentation in machine retrieval progressed ratber slowly
at fi;'st because insufficient data were available for valid testing.
The original system was a take-off from a manual operation that had
withstood the test of time, and thirvs lack of ekﬁensive theoretical
testing was not considered too critical. The priority for assign-
ment of terms and for key punching was shifted to the AD collection
‘in the 200,000 and 300,000 series (material cataloged subsequent to
Augd;twl958)“so that testing and Z[;nited service on newly acquired
documents could be combined. By early May of 1960, the punch cards
for this group of documents were reproduced and sorted into retrieval

term decks for machine manipulation. The file was updated as new

documents were added to the cdllection.

Originally it had rbeen planned to experiment with machine
retrieval on the punch card equipment. The Remington Rand consult-
ants had recommended their latest punch card numerical collator
319.1 be employed for retrieval experimen;ation and limited pro-
duction until their USS 90 magnetic Atape system became available.
However, due to the mass of card files required for extensive
testing--some 300,000 cards--it was decided to utilize the UNIVAC
Solid State card system for the testing and to write programs that

would allow the descriptor decks to be introduced in random sequence,

18



thus eliminating the need for extensive off-line sorting. The
experimentation was to be limited to 26 test bibliographies that
had been previously procesaed' manually. A diagram of the test

program is shown in Figure 4.

The program originally developed for the experimentation on -

" the punch card system was based on an up-to-date examination of

customers' requests for bibliographic service. Close attention was
also given to the character of the retrieval term file being created

for the mechanized operation. -

J

A vorking-leve]:/;fg;;xdy group, headed by Joseph M. Powers of
the ASTIA Washington Reference Center, was established to conduct
eﬁperinentation and develop operational procedures for machine';'
coupilafion of bibliographies. The gpecific objective of this group
wvas to0 formulate guidelines for selecting retrieval terms and for
prescribing the depth and extent of coordination of terms to satisfy

bibliography requests.

One of the early experiments conducté.d by the group was to
have the scientific analysis personnel, who assign the retrieval
terms to documents, and the reference personnel, who compile
bibliograi:hies manually, separately select the retrieval term
patterns for computer searches to satisfy 20 bibliography requests
that bad been received by ASTIA. Not too much was expected from a

single experiment of this nature; however, the results as in this

19
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instance were often enlightening. The bibliography and referenge
group selected a total of 366 retrieval terms to satisfy the 20
searches. For a single bibliography, this group ranged from a low
of four retrieval terms to a high of 47, and an average of 18 per

bibliography.

The Scientific Analysis personnel selected a total of 363 terms,
three less than the first group's total, for an average of 17 terms
per bibliography. The épread of retrieval terms selected by the
second group to compile the 20 bibliographies was even greater than
the first group. It ran from a low of three to a high of 61. In
four instances out of twent&, each group selected an identical

number of terms.

The exercise Just described was typical of many carried out
over a period of several months. Each experiment in itself provided
little more than anuvther new bit of information. These new bits,
however, began to fit into a pattern. Only in one instance was
extensive statistical sampling of the retriéval files possible.

Mrs. Claire Schultz, of the Applied Mathematics'Department of

Remington Rand UNIVAC who worked with ASTIA in the information
retrieval area, provided some very valuable statistics on the

frequency distribution of retrieval terms through machine

manipulation of the retrieval term fiies for 38,000 documents.

21




PUNCH CARD RETRIEVAL SYSTEM ON THE UNIVAC
SOLID STATE 30 COMPUTER

The programming for the experimentation in machine retrieval
discussed earlier was prépared for a one-time effort to compile 26

bibliographies to test the retrieval system.

During May and June of 1960, the requests for report biblio-
graphies far exceeded the manual resources. The Remington Rand
Corporation, with ASTIA's consent, had readjusted the magnetic tape
delivery schedule to allow for factory engineeriné of the tape drives
to & new console. A second USS 90 card system was made available
from 15 June through 7 December so that work would not be interrupted
during installation and conversion to the new system. These events,
plus the favorable results of the initial tests, led to & decision in
mid-June tH go into full production of mechanized information retrieval
under the card operation. The production would be limited to the last

two years of documentation.

The program for experimentetion in machine retrieval was designed
to provide a maxigum of flexibility; little attention was given to
program efficiency. When the decision was made to utilize the experi-
mental program for actual production, modifications were made to

improve the efficiency. The capacity for employment of the primary

descriptor deck was increased and a magnitude compared to the last
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item cf each memory band was added to limit the search to those

bands that contained data within the range of the secondary and
tertiary decks. The program was designed to coordinate groups of
retrieval terms as well as individual terms. The group of primary
term decks were sorted together in AD sequence and stored in memory.
A total of 1,600 records could be accommodated in the primary deck
for a single run. If the number were greater, an additional computer
run was necessary. The secondary group of term decks were fed into
the card reader in random sequence. There was no progran limit to

the number of records employed in the secondary decks.

When the computer identified & match between an AD number in o
the primary group stored in memory and secondary group in the card
reader, the common AD number was stored in memory, and A card was
punched out téxidentify the matching AD number and the code of the
secondary descriptor. Wheg the third level, or tertiary group of
terms, was introduced through the card reader, comparison was made
only between AD numbers of the tertiary term decks and those AD
numbers stored in memory as a result of primary and sécondary match,
Again the output was in the form of punch cards, showing the AD number

common to all three groups and the tertiary descriptor code.

During the month of July 1960, 269 bibliographies were compiled

on the USS 90 card system.
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Although this computer approach has & great deal of flexibility --
a simulation of random access through manual manipulation of the punch
card search decks -- it has the same major deficiency that caused
ASTIA and its predecessors to abandon the punch card approach in
the past. Because of the large volume of punch cards involved, the
file updating and maintenance tasks were so great that only 20% of

the ASTIA collection could be employed.




PROGRAMMING CONCEPTS - MAGNETIC TAPE

The original target date for machine retrieval on the magnetic
tape system had been established for 1 July 1960. Under this
deadlipne, it became necessary to begin programming for the tape
operation long before any experimental or test data could be

accumulated.

The initial programming efforts had to be based on a strictly
theoretical concept for retrieval through & coordination of indivi-
dual retrieval terms to the depth required to isolate reports om a
glven subject. The first USS 90 tape program for retrieval was written
under these circumstances ‘by several Remington Rand UNIVAC and ASTIA
pmMrs, under the immediate supervision of John K. Henderson of
the Remington Rand UNIVAC Federal Government Sales Office. A block

diagram of the program is shown in Figure 5.

Debugging and testing this program was discontinued when the
delivery date for the tare system vas rescheduled for August 1960.
It had become apparent that before the tape system could become
operational, considerable operational data would become available
through experimentation and limited production on the USS 90 punch

card system.
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‘A good deal was learned from the early programming exercises.
It was found that the format planned for the master retfieval tem
tape file -- ASTIA document number sequence, followed by the descriptors
assigned to the document -- did not lend itself to efficient programming.
A new format for the master file was designed which permitted a new
approach to the machine manipulation of the data. This new format
contained two 50-word items on each block of tape. The first word
of each item is the retrieval term code, and the next 49 words contain
AD numbers. If there are less than 49 AD numbers, a "zero" fill is
used to complete the 50-word item. When there are more than 49 AD
entries to a single retrieval term record, the code is repeated in
the first word of each 50-word item required to complete the record.
Each block of tape has a 100-word capacity. Thus, there are 98 AD
entries possible in a single block or 470,400 to a single 2,400 foot
reel of magnetic tape. The current master retrieval term record for
the AD collection requires four tapes. A printout of the tape format

of the master file is shown in Figure 6.

Evidence began to build up, particularly from the operational
experience with the punch card system, that the early programming
concepts for information search and retrieval on the tape system
would not meet the requirements as these requirements were being
expressed by the customers. Additionaily, the increasing customer

demands fof report bibliographies indicated that before the system
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could become operational, the workload would exceed the planned

capacity. A new approach to the machine pros'ram was indicated.

Armed with more factual data than had ever before been avail-
able, 1t was possible to write a new magnetic tape program that
would satisfy the immediate needs of the customers and also retain
a potential for flexibility and expansion. The program was written
by ASTIA personnel. Mr. Hugh Donaghue of Detatrol Corporation, an
ASTIA programming consultant, reviewed the computer logic and assisted
in writing and debugging the program, particularly the tape control

techniques.

The new program was design;ed to h;.ndle as many as ten searches
simultaneously with a maximum of four retrieval term coordinations
for any search. %The ability to combine a group of terms and process
them as a single term was retained from the card program. The ability
to exclude any term or any group of terms from a search was also
written into the program. Actually, the only restriction to the h
number of terms that may be employed within these limitations is
determined by the optimum operating time for a single run. It requires
no more time to record a term record for ten searches than for a single
search. Thus, the greaier the number of common terms employed in

simultaneous searches, the more efficient the computer run.
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PREPARATION FOR COMPUTER SEARCH BY THE REFERENCE ANALYSTS

It is the responsibility of the reference analysts to devte,rnine‘
the retrieval terms to be employed and the depth of coordination
required for the computer search program. He must determine what
information is required to satisfy a search and how the information

has been cataloged into the system.

How well these two factors are determined and translated into
the search program, largely depends on the reference analysts' judg-
ment and experience. However, the outcome is greatly influenced by
the way the retrievﬁl terms were agsigned to the documents as they
- were processed into the systém. The document analyst in cataloging
documents must tag them by a set of retrieval terms both specifically
and generically. He must also build relationship between assigned
terms which to some extent will anticipate inquiries and ii\grovide

for retrieval from a variety of subject approaches.

In determining what information is required, the reference
analyst must interpret the question, define its limits, and usually
access its unwritten applications. The adequacy of the descriptive
data provided by the requester, to a great extent will influence

the specificity of the search results.
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An example of an actual request for information processed by
ASTIA is shown on the following pages. The bibliography request
form and the internal processing form shown in Figures 7 and 8 are

in current use.

It may be noted in the example that groups of descriptors have
been combined and treated as a single descriptor for the computer
search. In this particular search there are three separate
considerations. The first concerns personnel and the radiation
ei’f'e‘::ts or damage caused by microwaves. The second concerns the
effectiveness of shielding against microwaves; the third concerns
more general reports on the measurement and analysis of radiation

effects anl hazards occurring in underground structures.

ol



BIBLIOGRAPHY REQUEST

Due

- info!

1. TO: ASTIA (TISBB)

2. FROM:
Arlington Hall Sta
Aslington 12, Va

Denver, Colorado

Jones & Smith, Inc.
4500 Bradbury Blvd.

February 14, 1961
ASTIA Code No.

7654321

4. Requester’s Reference
GM?"72 -

5. Requester’s Telephone No.
DE 2-2100

3

6. SUBJECT OF BIBLIOGRAPHY. -Describe in your own words exactly what you want. Explain any spetial aspects to be
covered and any limitations on the scope of the bibliography. Background information, such as TAB references, contract
numbers or relevans subjects, may be used to help define your request. (CAUTION: Classify this form when classified

rmation is included.)

Provide information on the subject of radiation injuries caused by
electromagnetic waves in the microwave frequency spectrum, and

particularly hazards associated with radar equipment in underground

tracking or launch facilities.

personnel protection.

Also indicate the shielding requireil for

7. Time coverage desired
[JPast yesr {0 3 years X S years (] other
- 8. Highest security classification of references to be included
{JUnclassified [JConfidentisl K Sectet

9.

Request submitted for

Coatractors must complete this section

i:.-“é:;emmern;.l?;ncie: must complete this section

Coantrace No.

AF 33(616)1234

Official Government Use

Sn;nlture & T:de

Project En neer 3

Signature & Title

10. FOR A‘STIAVUSE ONLY
ARB No.. Date Received
; J
ARG 842 LTV
ASTIA Form 4 Replaces ASTIA Form 4, Sep 58, and ASTIA Form 14, Jan 59, which will be used until stocks
Maz 60 * are exhausted,

Fig. 7
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ASTIA BIBLIOGRAPHY SEARCH: RECORD

ARB 5812 Search 1 of 1 Classified Secret AD _70,000 Librarian _RBH

Requestor Jones & Smith, Inc., 4500 Bradbury Blvd., Denver, Colo.

Subjecrt _~  Microwave Hazards

Retrieval Terms / Schedules / Open-end Terms

(3)

33

(1) (2)
Electromag. Waves 1974 Hazards 2788 Personnel _ 4500
Microwaves 3824 Radiation Damage 5059 G.M. Personnel 2710
) , 22
Microwave Frequency 3818 Radiation Hazards 5061 Radar Operators 5032
Ultrahigh Frequency 6557, 5 Radiation Injuries = 5062 Tissues (Biology) = 6335
Radar 5008 Elec. Shielding 1971 Effectiveness 1886
Radar Equipment 5023 Shielding . 5588
) -
)
) -
Fig. 8



DESCRIPTION OF THE COMPUTER SEARCH

The input to the system is on punch cards. One card as shown
in Figure 9 1is key punched for each retrieval term prescribed by
the reference analyst for each search. These cards are then combined
with the input cards for other searches scheduled forLaiuultaneous

computer processing.

88“636

[FIRN)

CRRY BNR RN
RN BN E'SN
TN @

s

COLUMNS | THROUGH i CONTAIN THE SEARCH TERM CODEK, THE NUMERIC CODK FOR K 7177 4
THE TERM PLASTICS (S 0004886, Cd—uuﬂl 1l THROUGH 26 CONTAIN THE SKEAARCH AND
COORDINATION LEVEL IDENTIFICATION, IN THIS INSTANCE, THE 3 PUNCH iIN COLUMN
14 (THE 4TH COLUMN 0" THE CARD WORD) INDICATES THAT IN SEARCH NUMBSER l' THE

] TERM PLASTICS IS TO BE COORDINATED WITH TWO OTHER TEAMS TO 1DENTIFY DOC~
UMENTS TO WHICH ALL TNRI‘I AZTRIEVAL TEAMS HAVE BLEN ASSIGNRD,.

Pt @ USA  REMIIGTON Rarg P- 11782 ¢
) Y

Fig. 9 SEARCH AND RETRIEVAL INPUT CARD

The input cards are sorted off-line to retrieval term code
sequence. As the cards are read into the system, cards with like
codes are combined int6 a single two-word record. The first word
cantains the retrieval term code and the second contains a consoli-

dation of the search and coordination level data. The master

3L




retrieval term tape file is read until a match with the term code
on the input card is obtained.

Under program control, the master record for this retrieval

-

)

term is copied on Output Tepe I in a two-word record, \with 50 such
records to a tape block. The first word of each record is the AD
number from the master file. The second word of each record is the
«search' and coordination level identification data as consolidated

from the input cards.

The next card input is reced, and the matching master record is
merged on Output Tape IT in the two-word record with the data previously
copled on Output Tape I. In the merge, vhen matching AD numbers are
found, Nthe‘ AD number is written on the new output in the first word,
and the search snd coordination level data are consolidated in the
gecond word. This process continues until the end of the search.

At that time, the final output tape contains the identification of

the document numbers to satisfy the searches.

Under program control, punch cards are prepared from the ocutput
tape, indicating the documents that satisfy the searches, the biblio-
graphic identification code, and date of run. A sample output card

is shown in Figure 10.

The output cards are segregated on an off-line. As a general
policy, a card is punched for all second or greater levels or coordina-

tion. The reference analyst has the option of retaining or eliminating
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various levels of coordination. This option can be exercised before
or after the computer run. The flow charts for the computer program
are shown in Figures 11 through 18.

216238 ARB 11359 601130
AD NUMBER ASTIA REPORT 88 NO, . .
1 XY I B 2 T i TR
L PR VRS PR O 1.‘ Ja Iy ).’ Te de 35 % 3 3 3 M @3l de e 3333 % M@ M
[N ENEAEN 5 5 % 0 @%@ So 56 5o S0 5o @ Ss Ss 555 S @ S Se So %o e
FRIERERY R R R R N R R R R N R I R I T N I N

[PRRTSRTENTY N.ﬂ 1 24 1% 24 n‘!ﬂ TR vL‘-a 31 3 v e

THE COORDINATION LEVEL 1S SHOWN IN COLUMN ONE. IN THIS INSTANCE THE SEARCH
IDENTIFIED AD 216 238 FROM A COORDINATION OF FOUR 'SEARCH TERMS

REMNGTOL RUND M- 11782 ¢

Primes 1 1S A

L B B B 2 B B B D U D O NN I I DR DN BT K INE JEN NN

2 (0 7 a9 " & 2

Fig. 10  SEARCH AND RETRIEVAL OUTPUT CARD
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RETRIEVAL PROGRAM MODIFICATTONS

The magneﬁc tape program for retrieval was designed initially
to pbase the production of mechanized bibliographies from the punch
card into the tape operation. As can be expected in a dynamic

situation, plans for expansion and refinement vere underwvay before

\the program was -ever employed operationally. éeversl progran modifi-

cations for the tape operation are being mtroducqgl as the production
schedule permits. These are in addition to ccmsifierations being

given to employment of random access capacity.

fThe program was originally written to accommodate ten simul-
taneous searches with a maximum depth of four coordinations

(identification of documents in the collection that contain a combina~

" tion of four terms prescribed for a single search). In the actual

machine operation, a grour cf terms can be treated as a single term.

In certain types of combined searches, this greatly increases the

efficiency of the machine operation. An illmtmyion of this

terhnique is given in
(" i

the example on pages 32 and 33.
In running lm_:geﬁ aggrches employing a gi-eat number of terms,
{.
the records transferred to the output tapes increase to a point
that it becomes more economical to remove the output tapes and

continue the transfer of data on new output tapes. The partial

o
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search tapes obtained in this manner are then merged to obtain-

the final output. In the merge, the search and coordination level
identification data in the second word of the record are consolidated
for matching AD numbers in the same manner as the merge on ﬁhe‘out-
put tapes of the primary run. iﬁ actual practice, it has proved to
be profitable to break the output tape in this manner at about 400
blocks. Further study has indicated that for optimum opera.tion,A
the merge now performed separately should be incorporated into the
mein run and programmed to transfer the data from output tapes
automatically when the total blocks compiled;exceed 100-“blocks on
completion of the transfer of a retrieval t;Qn record from the

master tape.

In current practice, about eighi.hours is reguired to run ten
average searches employing 120 - 130 unique retrieval terms. A
50% increase in efficiency can be expected in a search of this
type by employment of the integrated compile-merge technique just
described. In actual production, this will increase the capacity

for searches from 10 to 15 for a éluale shift.

A second wodification to the progroam will increase the

capability from four to six levels of coordination. This
modification will require only minor recoding of the output
punch routine. This feature was not included in the program

initially since it 1is seldoﬁ\rgquired to satisfy current customer




demands. When coordination of more than four terms are required,
it is now necessary to make a second pass. Since this is seldom
required, the four-level coordination is considered optimum for

the current operation. It is believed that as custohers become

more willing to rely on the product of the machine retrieval system,.
a8 greater degree of apecificity wiii be in demand. A sample input

card for six-term coordinations is shown in Figure 19.
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Fig. 19 SEARCH AND RETRIEVAL INPUT CARD

A third modification will increase the capacity for simultaneous
--gearches. However, the level gf coordination will be reduced as the
number of searches increase beyond ten. A combined total of 60
retrieval term coordinations can be employed simultaneously. Any

coubination of coordinations can be employed as long as the, total
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does not exceed 60 (a group of terms can still be as a single term,

however).

This type of capability will be extremely useful in compiling
large state-of-the-art bibliographies where many two and three level
searches are required to cover the bounds established by the reference
analyst. In searches of this sort, many terms are common to more than
one search. The greater the common occurrence, the greater the effi-
ciency of the search since one pass of any retrieval term record will
. satisfy all searches that are cambined in a single computer run. A
sample input card shown in Figure 20 illustrates how twenty searches
of three term coordinations each can be accommodated on & single input
card.
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A fourth modification under consideration will not affect the
search capacity of the run but should improve program efficiency,
particularly on searches that employ a large number of retrieval
terms (in excess of 505, In the present progrem, the two output
work tapes must be rewound and reinitialized after merging of each
record from the master tape. Although the computer is free for other
operations during the rewinding, it is idle except for the time
required to read the next input card and to reposition the master
descriptor file tape. The aﬁount of idle time will depend on the
number and distribution of the term codes involved. In this
modification, the output tapes will not rewind. The term records
from the master tape wili be merged on the output tapes alternating
from low to high and high to low AD numbers. The first record from
the master tape will be read forward from the beginning of the record
to the end (low to high AD number); the second record will be read
from the end back to the beginning (high to low AD number). This
will eliminate all rewinding of the output tapes until the end of
lﬁhe search is reached. Although the idle time introduced by re-
winding tapes will be greatly minimized under the 1$tegrated
compile -merge techniques described earlier, it may still be more
'efficient to employ this low-high, high-low merge technique vhen

several large retrieval term records are involved in the search.

There are many instances in the Thesaurus where two and three

terms have been combined and assigned a single numeric code. A

ho
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review of the manual and machine ekperience over ‘the past year
indicates a greatkdeal might be gained to increase this trend.
Where the frequency of certain combinations of retrieval terms
Justifies assigning a singie code to the ¢ombination, it will be ©

done. The individual terms will still be retained in the system.

A separate program has been written to punch out the decument
listing under these combinations directly from the master tupe file.
An option can be exercised to punch out only the document listing

required to update a previous run.

In the formative stages of the planning for automation, it was
not considered economically feasible to employ random access for
information retrieval. Since the early plans were formulated,
however, several factors have prompted a new look at the random
access operation. ihe Remington Rand UNIVAC RANDEX components
have been transistorized, eliminating the sgparate power supply and
consolidating the coﬁérol unit into the tape synchronizer. The
capacity has been expanded from 600,000 to 1,200,000 ten-digit
words per RANDEX unit. This increased capacity is provided at

slightly less rental.

At this stage of operation, it>has not been determined how
much, if any, computer time could be saved by placing the entire
operation on RANDEX, including the program, master file, and search

output. To what extent random access will be employed in search




and retrieval will depénd on future developments and the optimum
application of ASTIA's integrated automated capacity. One approach
being considered at this time that shows considerable promise is a
combination punch card--magnetic tape--random access operation. The
input and output are on punch cards and the master retrieval file is
on magnetic tape as in the present operation. The search and
coordination level data from the input cards will be stored on the
RANDEX drum at the address corresponding to the document numbers .
lié%é@‘in‘the retrieval term records or the master retrieval filém
The finai search results stored on the RANDEX drum will be converted
to punch cards. Initially, 400,000 words of RANDEX capacity will be
‘ ptilized--one word to repr;sent AD numters 1 thrdpgh 400,000. The

AD number will be coincident with the RANIDEX address and need not

be stored on the RANDEX drum.
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FUTURE CONSIDERATIONS IN SEARCH AND RETRIEVAL PROGRAMMING

N .
Qo

" Several possibilitiis for varying the weight of individual
retrieval terms used in a searcﬁ are under active consideration.
It appeared to be desirable, from the start, to make some use of
the descriptors selected as subject cumulators :é; ﬁompiling TAB
indexes. In a sense, these descriptors iiélveiggéed because they
describe the major aubjegﬁégrea of a report.‘ No use wvas madé‘of

the subject cumilstore ih-the early mﬁgnetic-tape program3 becausqV

it vas desired tc keep the machine application as simple as‘posaislg.

In the punch card production runs, coordination on descriptors tnatumewmwmwm .

had been selected as subject cumulators was identified on the output

punch cards as described earlier. No conclusive determinaﬁion of the
i i :

value of the“subJect”cumulgtors to increase specificity of search

baq been mede when this paper was written.

-
e

It has gbt yet pggé &eterminedﬁif a weighting system will actually
be eﬁpl;;ed.~4The é6ncept is to enable the bibliographic and reference
personnel to use the same ap}}each to retrieval as the Scientific
Analysis personnel used*%hen they assigned the retrieval terms to
reports in the collection. The check list which serves as a guide
for assigning retrieval terms to documents may or may not be useful

as & gulde to weighting individual search terms.

>2
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A further search refinement might be to identify a report
by type, such as whether it is an initial report, progress report,
final report, eté. It may even be feasible to weight the report
on the basis of content. This latter consideration certainly is
wvorthy of further investigation but may req_ﬁire a greater degree
) of coordination between ASTIA and the o:;:l.ginators of reports added

to the collection. -

The only progress made to date on the concept of weighting
descriptors has been to study the programing aspects. It was
determined to be entirely feasible to provide for weighting retrieynl
terms in the current program logic. Only minor changes will have to

be made in the tape run and in punching the output card from the tape.

In the master file, the AD number is carried in a one-word item
thus: O0X0OOXO000. The use of a pattern of characters in the la~t
three positions will produce discreet weighting codes. The first
position in the word is reserved for éontrol keys for manipulating

and sorting the master file.
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THE ROAD AHEAD

In the automatic data processing feasibility study ASTIA had
suggested the use of punched paper tape equipment to prepare repro-

duction copy for the Technical Abstract Bulletin and cataiog cards .

However, the use of punched paper tape was not included in the
original plan because at that time it simply represented a&n improve-
ment in the-method oflbreparing TAB and catalog card copy. It did

not relate directly to data processing.

Shortly after the automation plan was approved and preparations
had begun in earnest, 1t was decided to proceed with plans for
introducing punched paper tape equipment into thé copy preparation
function. This decision was made because the EDP equipment which
was finally selected had certalin characteristics which could be

capitalized on to advantage in terms of integrated data processing.

It became apparent that the punched paper tape which was to be
created initially in the course of preparing reproducible copy
could be converted to magnetic tape if proper provisions were made
for such‘con;ersion. The information thus recorded on magnetic tape
could be printed out on the high speed printer as a result of the
bibliography search. 1In addition, much of the information which is

to be captured in punched paper tape can be machine converted into
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punched cards for the Index Master, Inventory Master and Information
Retrieval files. In order to assure accuracy of the information,
master edge punched cards are being used to enter certain authorita-!

tive information into the TAB copy and thus into paper tape.

The advantages of doing whét has Jjust been described are obvious. .
The ﬁuplicative tasks of key punching and verifying this same informa-
tion could be elimin;ted. Here again i1t was necessary to face the
fact that there Is more systems design and actual programming to be
done than the staffi-could handle all at once. Therefore, it has
been necessary to phase into this aspect of integratéd data processing

on a time-available basis.

The program master tapes with special coding for the punch
paper tape have been designed to permit the computer to vary format

and select or omit data that have already been completed.

At this point, 1t is necessary to digress a bit and explain
why program master tapes had to be developed for use with the

punched paper tape equipment. The Technical Abstract Bulletin is

an unclassified publication; yet it lists all documents cataloged,
and some of these are classified as high as Secret. Consequently,

it is essential that classified information be excluded from the

TAB. On the other hand, bibliographies are geared to the requester's

"need -to-know" and security clearance; hence, all the information

concerning a particular document had to be captured in punched paper

tape for subsequent use in bibliographies.
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Tb}accomMOdate both requirements, it is necessary to record
all information on the punched paper tape. However, by using a
program master tape, a by-product tape is produced thch~can be
read by the machine ét top speed tq.prepaée the TAB-reproducible
copy. The program master tape inserts control codes into the
by-product tape in such a way as to suppress the classified
information while machine typing the TAB reprocducible copy. No
by-product tape is punched in this latter process since the paper
tape that is to be converted to magnetic tape is produced as a
by-product tape at the time of typing the complete entry as described

earlier.

In the early stages of punched paper tape planning, it was
suggested by Mr. Laurence Buckland of ITEK Corporation that non-
printing characters be employed as a programming aid to enable the
comﬁuter to identify the various components of a complete document
cataloging record. A suggestion along a similar line was also made
by Mr. Calvin N. Mooers of the Zator Co. Mr. Mooers also advocated
. the employment of non-printing characters to separate the individual
components of a record, but under a much broader concept. The
objective under Mr. Mooers' concept was to provide a simple means
for cooperation between libraries to improve cataloging operation
and eliminate the necessity of multiple cataloging through a direct
exchange of data in machinable form. If this objJective can be

realized, it will most certainly constitute a substantial advance in

~—
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the technology of documentation. A sample cataloging record
compiled to the ASTIA format employing the non-printing characters
compatible with Mr. Mooers' concept is shown on page 58. This
record through program control can be printed from the punch paper

tape in the format employed in the ASTIA Technical Abstract Bulletin.

A sample is shown on page 59. Beginning with the 15 March 1961 issue,
this procedure will be employed by ASTIA to compile the Technical

Abstract Bulletin.

Implepentation of the punched paper tape procedufes began during
November of 1960. To achieve a reasonable capability for machine
printed bibliographies in a relatively short time, the cataloging
information for documents now in the system is being selectively
‘converted. At the same time all of the day-to-day input 1is being
processed for TAB reproducible copy. In this way it is expected to
attain a full capability for machine printing bibliographies within

two years.

Another important factor in the use of the punched paper tape
is that it will provide a medium for large scale experimenting -iith
tge computer in terms of information retrieval which goes beyond
kbat based on descriptors assigned by the scientific anslysts.
There is much to be done in this field. A number of documentalists
of national repute have already expressed hope that they will be able
to utilize the potential which the punched paper tape project is -

creating.
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ASTIA Data Identification System
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-AD-108 290 piv, 13

Armour Research Foundation, Chicago, Il1,

EFFECT OF LONG VERSUS SHORT DURATION BLAST LOAD-
INGS ON STRUCTURES.

by Alfred Ritter and T, H. Schiffman, 22 Aug 55,
21p. fncl, {llus. tables (Rept. '‘no. 18; Super-
sedes rept. no, 18, AD-72 567) Final test rept,
nmo., 1 on Blast Effects on Buildings and Struc-
tures: Operation of Six~Foot and Two-foot Shock
tubes,

(Contract AF 33(616)2644)

Unclassified report

Descriptors: Struciwror. Blast, Vulnerability,
Pressure, Tests, Deflection,

''An explorstory investigation wss conducted to
demonstrate on a gross basis the reduction in
peak overpressure which will produce a given
maximum deflection of an elastic-plastic struc-
ture as the positive phase duration of blast
loading is incressed. Test structures were sub-
Jected to blast waves of spproximately 10 and

20 msec positive phase durations and approxi-
mately 20 and 10 psi peak overpressures, respec-
tively. Although no quantitative conclusions
could be draswn as to exsct pressure reduction
factors because of limited sccuracy and small
number of tests, the results indicate substantial
pressure .deducti-ons—with—increaed durstion load-
ings for the test structures under considera-

tion,'' (Contractor's abstract) (See also
AD-51 982) .
AD-153 545 piv, 13, 22, 30

Ballistic Research Labs., Aberdeen

Proving Ground, Md.

AIR BLAST LOADING ON THREE-DIMENSIONAL SCALE
MODELS OF A SEMI-CYLINDER,

by F. B, Smith, Jr,, E. G. Rines, and J. H,
Keefer, July 57, B84p. incl, 1llus, tables
(Proj. no. TB3-0112; BRL memo rept. no. 1092:
AFSWP no. 1047) .
Unclassified report

Descriptors: Air blast, Recording devices,
Blast, Shock waves, Diffraction, Structures,

The objective of this investigation was to re-
cord the diffraction loading on a scaled model
exposed In the shock tube., The model used wss a
1/72 scale of the Navy Structure 3,2.5 exposed

on Operation Greenhouse, The work was requested
by the Bureau of Yards and Docks, Department of
the Navy, and carried out as an extension of
AFSWP Project 3.28.1 of Upshot/Knothole. Pressure
vs time curves of the diffraction phase of the
air blast loading at 28 positions, 3 orientations
on 3 shock strengths are presented in this report,
The curves are presented so that comparisons may
be made with results of full scale tests and
others shock.tube experiments,. (Author) (See also
AD-74 974)

Sample Page Format
Technical Abstract Bulletin
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AD-238 039 Div, 22,
(20 June 60)

Ballistic Research Labs
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THE RELATION OF SEiSMIC
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by A. A, Thompson, Apr
(DA Proj. 5B03-04-002:
BRL memo., rept, no, 126

Descriptors: Mathematic
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#Seismic waves,
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AD-239 871 Div. 13,
(19 July 60)

Naval Civil Engineering
Calif.

LITERATURE SURVEY OF CO
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by Meldon Merrill and W
31p. incl. 11llus. 41 re
Type C (Proj. Y-RO 11-0
no., 084)
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Bibiiography, Sulfates
Barium compounds, Mine
Additives, *Reactor sh
#Concrete,

CONCLUSIONS: The use of
increasing the density
providing a more effici




SUMMARY OF PRODUCTION AND PROGRAMMING TASK3

The major phases of production and programming effort involved

in the creation of an automated information search and retrieval

system have been covered in this publication and in the two previous

publications on ASTIA's automation program, AD-227 000 and AD-247 000.

It is believed that a brief summary of the various tasks involved in

establishing the operational system is in order. This summary 1ists

those tasks that involve a significant amount of production effort.

In some instances, however, creativity and ingenuity were more signi-

ficant than the expenditure of production resources.

5.

Production Task

Compile thesaurus of
descriptors.

Develop numeric coding system
for descriptors.

Assign descriptors to docu-
ments in the AD ccllection.

Code descriptors in accord-
ance with coding system
developed under Production
Task 2 above.

Key punch retrieval term
cards for reports in the
AD collection.

Remark

This task was completed by ASEIA
personnel and published in May 1960.
It is described in AD-227 000.

This task was completed in August
1359.

Approximately 205,000 reports were
in the AD collection when the pro-
Ject became current. The collection
is now in excess of 240,000.

Accomplished concurrently with
Production Task 3. Became current
1 June 1960. '

Key punching for reports cataloged
prior to 1 May 1960 was accomplished
by contractor. (1,200,000 cards)
Subsequent to. 1 May 1960, key punch-
ing accomplished in-house. Current
workload: 1,000 cards a day.
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10.

11.

13.

1k,

Produetion Task

Prepare publications and
instructions on ASTIA auto-
mation system.

Sort retrieval temrm cards“to
separate indexing terms and
open-ended terms.

Alphabetic sort of open-erded
terms.

Print tabulation of open-
ended terms.

Reproduce and sort retrieval
term cards for testing system
and production of bibliograph-
ies on card computer.

Convert retrieval term cards
to magnetic tape in 12-word
item.

Reformat tape retrieval term
file (product of Production
Task 11) to 100-word item.
(50 two-word records to a
block. )

Sort retrieval term‘tapes
(product of Production Task
12) into descriptor code pri-
mary and AD number secondary.

Sequence check sorted retrieval
term tapee. (Product of Pro-
duction Task 13.)

-

. system test period.

Renark

AD-227 000, AD=-247 000, and this
publication.

Maintgined on current basis.

]
)

Required initially for standardi-
zation and clean-up. Maintained
on current basis for new input.

Required initially for standardie-
zation and clean-up. Project
corpleted.

'From AD-150,000 to reports announced

through 15 July 1960. Later expanded
to include reports announced through
15 November 1960. File is still
maintained for limited use. It
consists of 300,000 cards.

In-house project accomplished during
12-word item
used to take advantage of available
program. (1,400,000 cards involved. )

This reformat also placed AD number
and descriptor code in proper posi-
tion within the record for two-word
sort.

Step in preparation of mastﬂf
descriptor tape file for retrieval
application

Required for clean-up and- to remove
non-sortable data from file and to -
write data not in sequence on work

‘tape to be resorted.
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Production Task

15. Merge scrted retrieval term
tapes (product of Production
Task 14) into continuous file.

16. Reformat merged retrieval
term tapes from two-word
record, 100-word item,
into 50-~word item.

17. Sequence check master
retrieval term tape file.
(Product of Production
Task 16.)

18. Print-out final master
retrieval term tape file.

19. Key punch numeric codes for
open-ended terms.

20. Convert open?ended terms from

cards to magnetic tape, Sort
to descriptor code sequence
" primary and AD number
secondary.

2l. Sort indexing terms (descrip-
tors used as subject cumula-
tors) of entire AD collection
into descriptor code primary
and AD secondary. Merge
identifying code into master
descriptor file.

22. Update master retrieval term
tape file. tvice-monthly
(Follow by sequence check,
Production Task 17.)

Remark

Five 2400-~foot tapes involved.
Production Tasks 14 and 15 were
later consclidated and accomplished
in a combined operation.

This is format of master retrieval
term file for operational runs.

Required to maintain sequence
integrity of file. This task
must also be performed after
each twice-monthly updating of
file.

Required for data clean-up and
visual reference.

Step in integrating open-ended
terms into system.

Step in integrating open-ended
terms into system. This will be
accomplished when more experieace
has been gained in employment of
open-ended terms. The card file
is now employed in original format,

The addition of these data to the
flle will provide a capability to
index large bibliographies, or
possibly the entire AD collection.
It is also possible that they may
be employed as welghting factors
in the actual retrievel runs.

This i8 a card-to-tape merge.
Cards are sorted off-line to the
tape sequence. Approximately
11,000 cards are involved in each
updating. (Deletions may also be
made in same run.) :
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23.

2k,

26.

27.

28.

29.

30.

31.

32.

Production Task

Preparation of test data for
computer programs involved in

establishing retrieval system.

Operational testing.

Reformat two-word IR file
(product of Production Task
12) from descriptor-AD to
AD-descriptor.

Sort IR file (product of
Production Task 25) into

AD primary, descriptor
secondary.

Print out gaps in AD listing
in IR file.

Print out gaps in AD listing
in inventory file.

Statistical run of IR file
to determine frequency of
use of descriptors.

Sort product of Production
Task 29.

Reconstitute IR file in

descriptor frequency sequence.

Compile descriptor combina-
tion frequency of operational
runs.

Remark

Programs are described individually.

Over 400 bibliographies were run
on & production basis and checked
manually.

Required to use existing two-word
sort to establish file in AD
sequence. Reformat run also
block sorts on AD number in

same operation.

Required for data clean-up of IR

file. .

Required for data clean-up of IR
file. - :

Task already accomplished, required
for manual check against product of
Production Task 27 for data clean-up
of IR file.

Statistical data required to opti-
mize operational runs. Product is
in two-word record thus:

000005300 000000000
Mamber of AD's Descriptor

Two-word scrt employed to convert
IR file to descriptor frequency
sequence. Required to optimize
operational runs.

Required to optimize operational runs.
Required to provide data for consoli-
dation records of frequently combined

records to improve efficlency of
system.
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available.

the manufacturer.

2.

,"‘\'\\

PROGRAMMING

Most of these programs were started before "ca.nned" routines wore

Programming Tasks

Conversion of retrieval temm
cards to' magnetic tape in
12-word item.

Reformat retrieval term tape
file from 1l2-word item to

100-vord item. (50 two-word
records to a block of tape.)

Sort two-word record retrieva.l
term file.

Sequence check two-word
record retrieval tape file.

. Merge two-word record retrieval

term file into one continuous
record.

Reformat sorted and merged
two-word retrieval file into
two 50-word items.

Print out two-word record
retrieval %term file.

Print out 50-word item.

The entrance and exit memory loca.tiona vere furnished by
Many of the programs have been modified or rewritten

to provide more efficient operation for particular applications.

Remark

O

This format employed to take
advantage of tape control routine
then u.vaila.ble. ,

Needed for format tape for sorting.’
0

Modification of 12-word sort pre-

pared by DATATROL Corporation under
contract to Remington Rand UNIVAC
at no cost to ASTIA.

Required for data clean-up prior
to creation of operational file.

Later modiﬁed to accomplish clean-~
up incorporated in Program Task 3.

Required to create operational
master retrieval term tape file.

< -~
¢

Needed totest programs and verify

data during several production
operations in creating file.

Needed to print cut master retrieval

file and to test programs and verify
data.
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10.

1l1.

12.

13.

Programming Tasks

Convert card-to-tape in
50-word item to<similate
master file. ) i

Convert card-to-tape.
two-word item to simulate
output from retrieval run,
Part I.

Merge retrieval term cards
into 50-word item master
retrieval term tapes.

Operational retrieval rﬁn -

.6-level‘coord1nation.

Operational retrieval run --
k-level, ten simultaneous

searches.

1k,

15.

16.

17-

18.

19.

20.

Operational retrieval run -
_h-level, ten simultanecus

searches.

Operational retrieval run ~--

60-descriptor (or descriptor

group coordination).

Operational retrieval run --
high low-low high tape merge.

Merge-buff, two-word.

Combine two-word merge buff
into retrieval run, Part I. -

——

Reformat and block sort
two-word item IR tape.

Print out gaps in AD listing
of IR file.

Remark

Needed to debug and test opera-
tional retrieval run, Part I.

[

Needed to debug and tést opera-
tional retrieval run, Part IJ.

Needéd for twice-monthly updsting
of master retrieval term file,

Initial progremiing approach.
Consists of five runs and three

Part I: Tape-to-tape run. Part II:
Tape-to-punched cards run.

“:Modification of Programming Task 13,
"Part II. :

Modification of Programming Task 13,
Part II. '

Y

N ‘
Mcdification of Programming Task 13,
Part I. Speeds up computer run.

. Used to combine sub-searches --

increases program efficiency.

Integrates p}dduct of Proéramming
Task 17 into retrieval run, Part I,
to optimize, output. '

Needed to reformat IR file for.
two-word sort to AD sequence

primary. "

Required for data clean-up of
IR file.
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Programming Tasks

21l. Punch out single descriptor

'f:a'

23.

records for 50-word item IR
tape.

Modify Programming Task 21
to punch out only partial
references to update previous
punch~out.

Count AD listing in descriptor
record and compilc in two-word
record.

10,0,0:6:6) 09,00 ¢ 000) 000000 ¢
Rumber of AD's Descriptor

Remgz&

Required for production r-::. where
descriptor combinations «r 3ingle
descriptor records are re:pilred.

To provide data of distr:ibuiion
of descriptors.

_nmts COPY

RO

Beost AVS-
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